








































































































unused. Concrete data on the average number of lines used per DSI trunk does not exist; however, conversations

with Southwestern Bell experts lead us to believe that, on average, approximately 16 circuits are used per DS I

connection. Obviously. this number can vary over time, across ICs, or across states; unfortunately, however, we

have no information on tbe size or direction of the variation. Thus, special access lines are aggregated as the sum

of the WATS lines, voice-grade lines and 16 times DSllines. The benefit of this construction is that digital data

lines are not included and the price measures are specific to the IC.

The construction of the switched access share variable requires some discussion. First, while tbe switcbed

access share for AT&T is directly ca.1cuJated as AT&T's switcbed access expenditure divided by total switcbed

access expenditure, the corresponding value for the accs is slightly more complicated. The switcbed access sbare

for the accs is calculated as the weighted average of the individual sbare's for MCI, Sprint and other ICs, where

the weights are tbe fraction of acc expenditure represented by MCI. Sprint or the other ICs. Furthermore, since

the other ICs share itself constitutes an aggregation of many small firms. its share is divided by ten in order to

approximate their average share. Second, the switched access share of revenue is possibly correlated witb the ratio

of switcbed to special access quantity by construction (rather than due to the BrandoD Effect). To avoid this

occurrence. for each IC and state in the sample, the IC's average share over the otber four states is substituted.

The variables in X. those that shift factor demand for switched access relative to special access. include

variables affecting end-user demand and variables measuring the level of other IC factor inputs. Real disposable

income per capita is used to capture income effects and the number of residential and nonresidential lines are

included to reflect the size of these markets. Bypass is much more likely to occur in the provision of IC service

to business rather than residential customers; business customers in different industries have greater opportunities

for bypass based on their use of telecommunications. To measure these industry differences. the number of

employees in ~h of eight broad industry categories are included as possible demand-shifting variables. While tbe

costs of other Ie factor inputs could affect the switched access to special access ratio. only data reflecting tbe

average cost of debt from the yields to maturity on the AT&Ts' corporate bonds are available.

The variables in Z, those that shift the relative prices of switched and special access. include prices of

inputs into the production of both types of access. the Subscriber Line Charge (SLC), and other variables intended
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to capture the workings of the regulatory process. For prices of inputs into the production of access, the wage of

telecommunications workers. the cost of debt for Southwestern Bell and the prices of nonbroadcast communications

transmission equipment and central office switching equipment are used. Since the SLC was intended to partially

replace the switched access charge as a method of local loop cost recovery, increases in the SLC are expected to

be concurrent with decreases in the price of switched access. Other regulatory variables include Wexcess· returns

to LEC switched and special access, and the equity income of large long distance companies and LECs. "Excess·

returns (actual returns above the target or allowed rate of return) are expected to lead to lower access prices in the

subsequent rate order. Finally, an increase in the switched access price can be thought of as a transfer from ICs

to LECs. If regulators are interested in maintaining the financial viability of both types of companies, then past

fmancial distress of LECs (ICs) wi1llead to future higher (lower) switched access prices (regulators are assumee

to have much less discretion with special access prices). Financial distress is measured for ICs and LECs as the

income (both dividends and capital gains) generated by holding stock in a portfolio including AT&T and MCI and

the seven regional Bell Holding Companies respectively. In order to allow for a form of regulatory lag, all of these

variables, except the SLC. are computed as moving averages of values over the past six months.

Estimation Issues

The applicability of instrumental variables methods to the existing data has already been noted.

Specifically, the variables exogenous to the system, X and Z. are used as instruments. First stage regression results

are not reported.

Other estimation issues include possible autocorrelation and heteroskedasticity. Existence of either of these

problems will lead to inefficient estimation and biased standard errors, rendering inference testing problematic.

First, estimated correlations between the error term and lags of the error term for the same state indicate that

autocorrelation is present. Autocorrelation is corrected for by quasi-first differencing the data. Second, since an

observation represents the average across individuals in a state, and the states in the sample have significant variation

in population, the standard error of a variable for a large state will be smaller than for a small state. This leads

to a smaller variance of the standard error of the regression for larre states relative to small states. The remedy
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employed here for this form of heteroskedasticity is to weight observations by the population of the state it

represents.

Almast all variables included in the regressions are the natural logarithm of the underlying variable; the

exceptions, the net income and "excess" returns variables in the price equations, are due to the existence of negative

values of these variables. Thus, coefficient estimates usually can be interpreted as elasticities and, specifically, the

coefficient on price in the quantity equations is interpreted as the elasticity of substitution. The magnitude of the

coefficients on the net income and "excess" returns are more difficult to interpret.

S. Empirical Results

This section presents results from estimation of equations (5)-(8) and nonnested tests. Generally, tests

strongly, but not uniformly, confirm the presence of the Brandon Effect.

Regression Results

Table 1 reports two stage least squares (2SLS) coefficient estimates of equations (S)-{8). Durbin-Wu

Hausman tests reject at a high confidence level the hypothesis that endogeneity between the price ratio and the

auantity ratio will not cause OLS estiID8~es to be inconsistent (Hausman (1978». The specification presented is the

result of a number of specification tests.

In the quantity-ratio equations, the price ratio enters negatively and the switched access share enters

positively for both AT&T and the OCCs. However, these coefficients are significant only ~"r AT&T. The t tests

on the switched access share confirm the existence of the Brandon Effect, at least for AT&T. Also, the shadow

price of switched access is inversely related to the switched access share, suggesting that the elasticity of substitution

defined for shadow prices is larger (in absolute terms) than the coefficient of the price ratio suggests. A larger

shadow price elasticity of substitution is confirmed below.

Since the dependent variable is the quantity ratio, coefficients on other explanatory vanables measure the

effect of these variables on factor demand for switched access relative to the factor demand for special access. An

insignificant coefficient could imply that the variable does not have an appreciable effect on factor demand.
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Alternatively, insignificance could be interpreted as implying that the magnitudes of these variables for switched

and special access are comparable.

Higher per capita income increases the demand for switched access relative to special access for both

AT&T and the accs. The cost of debt (measured as the yield to maturity on corporate bonds) has no effect for

either AT&T or the OCCs. The effect of residential and nonresidential lines have opposite effects for AT&T and

the DCCs. A greater number of residential lines decreases the switched- to special-access ratio for AT&T and

increases it for the accs. However, a greater number of nonresidential lines increases the switched to special

access ratio for AT&T and decreases it for the DCCs. These nonresidential lines are almost exclusively nonspecial

access business lines. Since businesses tend to use more long distance than residences and long distance service

over these lines entails switched access, a positive coefficient is expected.

Measures of employment in different sectors of the state's economy are intended to capture differences in

demand by long distance customers. Generally. coefficients tend to have the same signs for both AT&T and the

acCs. A positive (negative) coefficient indicates that the sector uses more (less) switched access relative to special

access than the average sector. Construction and transportation and public utilities use relatively more switched

access, while trade, and, perhaps, finance, insurance and real estate and services, use relatively more special access.

Since larger telecommunications users (and the ICs that serve them) have the best opportunity and motive for

bypass, more of these users are expected to increase the relative share of special access. Our results are consistent

with this expectation, since many of the most telecommunications intensive sectors reported by Crandall (1991) can

be classified as trade and finance, insurance and real estate. I)

The coefficients also tend to have the same sign for both AT&T and the accs in the price ratio equation.

The quantity ratio enters negatively and significantly as expected if regulators attempted to maintain a constant

amount of revenue for LECs from switched access. The coefficient of the SLC is positive, contrary to expectation,

but not significant. The cost of debt and the price of transmission equipment raise the price of switched access

relative to special access, while the price of central office switching equipment lowers it. Industry wages have no

11 The telecommunications intensive sectors reported in Crandall (1991) are financi.u services; retail and
wholesale trade; hotels and motels; health, education, and social services; transportation; eating and drinking places;
real estate and rentals.
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effect on relative prices. The excess returns coefficients generally have the expected signs. High past special

(switched) access excess returns tend to decrease the relative price of special (switched) access. However, the

equity income coefficients have mixed signs and never approach significance.

Nonnested Tests

Next, nonnested J tests (Davidson and MacKinnon (1981» of the nominal price versus the shadow price

constructed as one minus the Ie's switched access share times the nominal price ratio are presented. The competing

hypotheses are that the nominal and shadow price ratio constructions describe the process that generated the data.

Since the log of the switched to special access price ratio is not linearly nested within the log of the shadow price

ratio, nonnested testing techniques art" appropriate.

Generally, nonnested tests attempt to distinguish between two models of the data where neither model is

a linear extension of the other (e.g. nominal versus shadow price). This is accomplished by artificially nesting both

hypothesized models within a more general model. The dependent variable is regressed against one model plus ex

times the other model. However, when the two models share some exogenous variables, this leads to an

underidentified equation. The solution is to replace the unknown parameters of the model not being tested with

consistent estimates, usually the predicted values from this model's specification. A t test on whether ex is different

from zero indicates whether the information in the predicted values helps -explain- the data. An ex different from

zero implies that, without this information, the model being tested is missspecified. By reversing which model's

predicted values are included, both specifications can be tested. With these procedures, it is possible to reject

neither model or to reject both as missspecified.

10 the present application, the possible endogeneity of the switched access share can also he better addressed

by the use of J tests. Because the switched access share could be correlated with the error terms by construction,

equations (5) and (6) use the ratio of switched to special access demand as the dependent variable and switched

access shares for one state were computed using information from the other states. This purges the variables of

much of the presumed spurious correlation. 10 the] test specifications, the switched access shares are incorporated
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in the shadow prices and these, in tum, are projected onto the instrumental variables. These instrumental variables

purge both the nominal price and the switched access share of their possible correlation with the error term.

Table 2 reports the I test results. The nominal price model is rejected for AT&T but Dot for the accs,

and the shadow price model is not rejected for either AT&T or the accs. These tests imply that either the nominal

price or the shadow price describe the data for the accs, but only the shadow price describes the AT&T data.

The failure to reject eitber model for the oces is probably linked to the relatively small variation in the switched

access sbare for the average acc firm. For the accs, the constructed shadow price ratio and nominal price ratio

are highly correlated.

Given tbese results, examining the price ratio coefficients in the competing models is enlightening. These

are reported in table 3. Coefficie[lts for X are not reported but remain virtually unchanged from table 1. For the

accs, there is little difference in tbe estimated price elasticities. For AT&T, the estimated elasticities are

somewbat greater (in absolute terms) for the shadow price model tban for the nominal price. This is to be expected

if the Brandon Effect guides AT&T decision-making.

Other Specijicalions

Two other specifications of the data were also tested with qualitativ~ly the same results. First, as discussed

above, WATS service only avoids a portion of the switched access charges. Equations (5)-(8) were estimated with

WATS lines excluded from the special access quantity with nearly identical results. Second, Southwestern Bell

constructs indices of switched and special access prices aggregated across all purchasers that provide an independent

measure of the switched to special price ratio. Alsc, these indices provide a different measure of quantity by

dividing access revenue by the relevant price index. Specifications using these price and quantity indices yielded

results which were less precise, but, nonetheless, similar to those reported above.

6. Conclusion

This paper describes, models and tests for the so-aBed Brandon Effect. This effect arises when the price

for an input with close substitutes is set above marginal costs so as to generate a fixed dollar amount of revenue
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to the seller. The model presented is simple and similar to (although more explicit than) descriptions presented

elsewhere. The formula for an IC's shadow price for switched access is deduced from the model as the nominal

price times oQe minus the IC's share of the total switched access demand. Tests for the Brandon Effect center on

whether switched access share has the expected effect on the demand for switched access. While the test results

presented do not uniformly confirm this hypothesis, they clearly support it.

The results raise issues for business and public policy. First, models of bypass behavior that ignore the

Brandon Effect are likely to overstate actual levels of bypass. particularly bypass by AT&T. Second, over time

as AT&T's share of total switched access falls, AT&T's shadow price of switched access will rise and its incentive

to bypass will increase. The incentive to bypass by MCI and Sprint will fall over time as their switched access

shares rise. Third. regu;atory policy changes that render a constant dollar revenue target unrealistic or unattainable

would eliminate the Brandon Effect mechanism. A true form of price~psor incentive regulation (without rate-of

return elements) would eliminate the switched access fixed dollar framework. Likewise, competition from third

party access providers could erode the market power necessary to achieve the fixed dollar amount if they are granted

favorable LEC interconnection opportunities by regulators. In either case, the incentive to bypass would increase

for all ICs because nominal prices, and not the lower shadow switched access prices constructed above, would

reflect true opportunity costs.

Aside from direct tests for the existence of the Brandon Effect, this paper raises some issues for access

demand estimation. Often, access demand estimates for regulatory proceedings are derived from single equation

OLS models. 14 The empirical work presented here suggests that both the price of switched access and the price

of special access are endogenous to the quantity of switcbed access demanded. Single equation models tbat ignore

these effects could be missspecified, leading to inconsistent estimates.

14 See Gatto, et al. (1988) and the studies cited therein.
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Appendix Definitions of Variables

Ratio of Switched to Special Access Quantity - is the number of minutes of use (MOV) of switched access divided

by the number of lines of special access. The number of special access lines was computed as the sum of

WATS, voice grade and sixteen times OSI (source: Southwestern Bell).

Ratio of Switched to Special Access Price - is the ratio of the average expenditure per MOV of switched access

divided by the average expenditure per line of special access. Special access expenditures used here are

total special access expenditures minus an estimate of digital data expenditures. The number of special

access lines was computed IS the sum of WATS, voice grade and sixteen times OS I (source: Southwestern

Bell).

Switched Access Share - is the ratio of the IC's switched access expenditures to the sum of all IC switched access

expenditures. To avoid possible spurious correlation with the dependent variable, the ratio for any state

is defined as this ratio computed for expenditures in all other states (source: Southwestern Bell).

Residential and Non-Residelllial Lines - are the number of residential and non-residential lines Southwestern Bell

serves in the state (source: Southwestern Bell).

Income per capita - is disposable personal income per capita in the state for the quarter (source: Survey of Current

Business).

Cost ofDebt - is the average real yield to maturity on the firms' corporate bonds. Conversion from nominal to real

rates was accomplished by deflating a bond's yield to maturity by the yield to maturity on a comparably

lived government bond (source: Moody's).

Employment in a sector of the economy - is the number of people employed in the sector in the state. The eight

sectors are: Mining; Construction; Manufacturing; Transportation and Public Utilities; Finance, Insurance

and Real Estate; Services; and Government (source: Employment and Earnings).

Subscriber Line Charge - is the real national average subscriber line charge (source: Monitoring Report).

Telephone Worker Wage - is the real wage of nonprofessional telecommunications workers (source: Employment

and Earnings).
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Price of Central Office Switching Equipment and Transmission Equipment - are real price indices for central office

switc~g equipment and non-broadcast communications transmission equipment (source: Producer Price

Indexes).

Long Distance and Bell Operating Company Equity Income - are the real dollar returns, including capita! gains and

dividend payments, to holding, in proportion to their equity value. stock in AT&T and MCI and stock in

the seven Bell operating companies (source: Center for Research on Security Prices).

Special and Switched Access Excess Return - are the real values of actual returns in excess of the allowed return

for Southwestern Bell special and switched access service (source: Southwestern Bell).
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Table 1
Demand Determined by

Nominal Price and Switched Access Share
2SLS Estimates

Variable AT&T OCCs Variable AT&T OCCs
Quantity Quantity Price Price

Ratio Ratio Ratio Ratio

Intercept -2.13 -5. S0 Intercept 0.44 -7.63
(2.45) (2.39) (l.48) (4.29)

Price Ratio -0.227 -0.20 Quantity Ratio -0.122 -1,()91
(0.12) (0.18) (0.05) (0.30)

Switched Access 1.161 0.22 Subscriber Line 0.23 1.58
Share (0.30) (0.94) Charge (0.35) ( 1.19)

Income per capita 1.212 1.984 Telecommunications 0.19 -3.49
(0.50) (0.95) Worker Wage (1.32) (4.56)

Corporate &ond 0.09 SWBT Corp. Bond 8.1Q3 22.0S'
Yield to Maturity (l.22) Yield to Maturity (3.71) (12.63)

Residential Lines -1.0S1 1.67 Price of Transmission 1.38 13.161

(0.61) (1.20) Equipment (0.S9) (3.70)
Non-Residential 1.071 -3.971 Price of Switching -1.567 1.63

Lines (0.32) (0.94) Equipment (0.86) (2.26)
Mining 0.11 3 0.491 Special Access -1.581 -6.25'

Employment (0.05) (0.10) Excess Returns (0.33) (1.67)
Construction 0.361 -0.08 Switched Access 0.19 I.I~

Employment (0.12) (0.22) Excess Returns (0.14) (0.59)
Mar.ufacturing 0.17 0.27 Long Dist. Company -1.03 1.53

Employment (0.15) (0.41) Equity Income (3.01) (11.21)
Transportation & PubI. 0.884 2.082 Bell Oper. Company 1.51 2.27

Util. Employment (0.43) (0.85) Equity Income (1.87) (657)
Retail & Wholesale -1.63' -1.19

Trade Employment (0.40) (0.78)
Finance. Insurance. & -0.71 1 1.941

& Real Estate Empl. (0.24) (0.51)
Services 0.41 -1.551

Employment (0.28) (0.56)
Government 0.16 0.10

Employment (0.11) (0.20)

Rho 0.11 0.53 0.59 0.79

Number of Obs. 175 175 Number of Obs. 175 175

Adjusted R2 .92 .92 Adjusted R2 .35 .09

Standard errors are in parentheses and superscripts denote significance levels for a two-tailed test if less than 10 %.
Observations are weighted by state population.
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Table 2
Nonnested J Test Results

Nominal versus Shadow Price Models

Estimate of Alpha

AT&T

accs

Nominal Shadow
Price Price

Model Model

1.401 -0.88
(0.40) (0.69)

1.53 -0.56
(4.30) (4.48)

This table presents coefficients and standard errors of ex in the equation

Y" xliiI + CI.x,~2 + E

where subscripts denote the competing models describing the data generating process. Superscripts reported in the
table denote significance levels for a two-tailed test of ex greater than zero if less than 10 percent.
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Table 3
Elasticities of Substitution

in Competing Models

Elasticity of Substitution

AT&T

OCCs

Nominal Shadow
Price Price

Model Model

-0.283 -{).341

(0.13) (0.09)

-0.19 -0.21
(0.17) (0.18)

Standard errors are in parentheses and superscripts denote significance levels for a two-tailed test if less than 10%.
Observations are weighted by state population.
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Abstract

While the -.ivestiture 'I..- • AT&T was intended to produce benefits in the long

distance market, the evidence suggests it has created an unexpected side benefit

in local telephone markets. Our results show that local exchange carriers have

realized immediate cost savings in responding to competitive pressures since the

breakup, with the Baby Bells experiencing generally larger gains. Dynamically,

these productivity gains have increased over time at a relatively constant rate.

Although 'gains of 3-5\ of total cost are not that large, the absolutely large

costs of telephone companies imply significant cost savings of nearly $72 million

for the representative firm.



Costly Gains to Breaking Up:

LECs and The Baby Bells

Even before the American Telephone and Telegraph Company (AT&T) divested

itself of its 22 local Bell operating companies (BOCs) on January 1, 1984, some

economists such as MacAvoy and Robinson (1983) believed that it had in fact won

by losing the court battle. A priori expectations were that consumers and AT&T

would benefit from increasing competition. Reorganized into 7 regional holding

companies (RBOCs or the Baby Bells), BOCs had received a bad or at best neutral

deal. However, the early evidence suggests the opposite. As pointed out in the

press and by Crandall (198B), the Baby Bells are emerging as formidable foes.

Available evidence indicates that RBOCs and other local exchange carriers

(LECs) have be~n responding to competitive pressures arising from the breakup.

Cost-cutting efforts in new unregulated markets are likely to spillover into

regulated telephone operations. Furthermore, the prospect of AT&T and other

carriers entering their lucrative intra-LATA toll market and threats of bypass

are forcing LECs to be more competitive with respect to costs, prices, and

The gradual introduction of incentive regulation by stateservice quality.

regulators gives telephone companies material incentives to increase

productivity. For these and other reasons, there is a clear sense from LEC

executives that they need to be more competitive.

In this paper, we examine the extent to which the AT&T divestiture has

affected the efficiency of BOCs and other large LECs. Have gains in productivity

contributed to their strong performance? If so, this unexpected side benefit of

the breakup may be more or as important as expected benefits in the long-distance

market. To analyze this empirical question, we estimate a cost function with a

pooled cross section time series sample over 1976-87. Our results show that LECs
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have been improving their operational efficiency and have been able to do so

immediately. Dynamically, these productivity gains have increased over time at

a relatively constant rate. Although the gains as a percentage of total cost are

only in the 3-5\ range, the absolutely large costs of telephone companies suggest

that the cost savings have been significant. For the representative firm in

1987, the simulations find productivity gains of nearly $72 million.

I. Cost Model

To analyze the impact of the breakup on productivity, we use techniques

similar to those in Ying (1990), which studies the case of motor carrier

deregulation. A multiproduct cost function for telephone local exchange carriers

can be written as

C = C (w, y, a, b, d, t)

where C is long-run total costs, w is a vector of factor prices, y is a vector

of outputs, a is a vector of operating characteristics, b is a BOC indicator

variable, d is a divestiture variable, and t is a time trend.

To overcome data limitations in past studies, we estimate a cost function

for LECs, on which there are more extensive and reliable data. Our cost model

is modified from that in Shin (1988), which estimates a cost function for wire

centers and central offices. To determine the cost structure of LECs, we employ

the translog flexible functional form, which is jointly estimated with factor

share equations using Zellner's seemingly unrelated regressions procedure. 1

Please refer to Shin and Ying (1992b) or Ying (1990) for a detailed description

of the trans log and estimation technique.

To measure the direct impact of the AT&T divestiture on LEC productivity,

we calculate the percentage change in cost due to divestiture, given by

(C1 -CO) IC o '100 = [exp (In (C 1 /Co)) - 1 1 '100

2

(1)



[exp (vd + Ei vdi In wi + Ek vdk In Yk +

Ern vdrn In 8.m + 'ubd b + Vdt t) - 1)' 100

where C1 and Co are total costs with the divestiture variable evaluated at d=l

and d=O, respectively, and the parameters are from d and its interaction terms.

Besides this direct effect, the divestiture can have so-called indirect

effects on the outputs, inputs, and operating characteristics which in turn,

would affect productivity and cost. Although they are important and potentially

very interesting, Ying (1990) and an earlier version of Ying and Keeler (1991)

find them to be small relative to the direct effect. Given our direct effect

results, we leave the indirect effects for future research.

II. Data and Variables

The data set consists of a panel of local exchange carriers over 1976-87.

The primary data source is the Statistics of Communications Common Carriers,

published by the Federal Communications Commission (FCC). Because of omissions

and changing reporting requirements, some data have been collected from detailed

forms at the FCC. We consider only those firms with ...."ntinuously available data.

The sample comprises 46 large LECs, of which 22 are BOCs, and 546 observations.

To calculate total cost, all expenses excluding capital costs are given by

operating expenses minus depreciation. For capital expenses, a real capital

stock has been obtained by dividing gross communication plant by the 20-year

average communications equipment implicit price deflator, available from The

National Income and Product Accounts. The annuity form of depreciation is used

to obtain annual interest and depreciation costs. The interest rate is taken

from the average price of new capital on domestic telephone bonds, listed in

Moody's Public Utility Manual.

assets minus liabilities.

Working capital is accounted for by current
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The price of labor (PL) is compensation per employee. Number of employees

data for 1982-87 are taken from the pensions paid schedule (60B) of the Annual

Report, Form M or more detailed Annual Employment Reports, Form 395. Beginning

in 1985, compensation data are available as a footnote in the operating expenses

schedule (35) of Form M. Where reasonable, some labor prices have been generated

by averaging. The price of capital (PK) is capital expenses divided by the

average number of telephones or access lines. For the price of other factors

(PO), residual expenses are divided by the average number of telephones. The

factor shares are the corresponding expenses over total cost.

Output is represented by the average number of access lines or telephones

(TL), with output usage variables consisting of local calls (LO) and toll calls

(TO) . Due to changes in reporting practices after divestiture, the ratio of

local to toll calls has been regressed on time to generate compatible toll call

figures for some firms. For some missing observations, averages or ratios from

other years are used.

To capture output attributes, the vector of operating characteristics

includes the number of central offices (CO), the percentage of electronic access

lines (EA), and average loop length (AL) or miles of cable per telephone, which

indicates the density of service. EA serves as a proxy for technology or

quality. In the translog, zero values for EA have been changed to 0.00001. In

a few cases, existing EA data have been averaged or regressed on polynomial terms

of time, and an apparent change in classifications of electronic lines has led

to Borne adjustments.

Because the Bell operating companies were originally part of AT&T, they may

be considered different from the other LECs in the sample. While many of these

differences may be exhibited by existing variables, a variable indicating whether

the company is a BOC would capture other less tangible features. This variable
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(B) is a dummy variable equal to 1 if the LEC is a BOC and a otherwise.

The divestiture variable (D) is also a dummy variable, with value a from

1976-83, and 1 from 1984-87. Our use of a ~ranslog function captures lagged or

diffused effects over time through the interaction term between 0 and the time

trend. More generally, any measured productivity gains should be viewed as

arising from not only the divestiture itself, but also from increased competition

and state deregulation following the breakup. To prevent a downward bias in D,

a time trend (T) has been added to accuunt for possibly unmeasured dynamic

changes, such as technological progress.

We believe that we have constructed one of the most comprehensive

telecommunications data set to date. But even the best available data may have

shortcomings. For example, prior to 1984, most telephone companies only report

the number of telephones rather than access lines. Since telephones include

extension phones, they may overestimate the number of access lines. Thus, the

estimated productivity gains from divestiture are smaller than the true gains or

our estimates are biased upward. Nevertheless, even with minor shortcomings, our

r~ta are the best available for examining the costs of telephone companies.

III. Estimation Results

In Table 1, we provide the translog results for the first-order parameter

estimates and all terms involving the divestiture variable. Complete results are

available upon request. Of the 76 estimated parameters, 36 are significant at

the 1\ level, 8 are significant at the 5\ level, and 5 are significant at the 10\

level. Parametric tests using the quasi-likelihood ratio show that each of the

independent variables is highly significant, well beyond the 0.05\. They suggest

that although some of the individual parameters are not significant, none of the

variables should be deleted from the model. 2
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Next, we evaluate the plausibility of the parameter estimates, postponing

an analysis of the divestiture variable tc the next section. The first-order

output parameters are all positive, less than 1, and significant at the 0.02%

level. At the sample mean, summing the ::JUtput cost elasticities yields an

overall scale elasticity of 0.9621, implying slight economies of scale. It

suggests that the large LECs in our sample may not have exhausted sources of

scale economies given the market demand. However, it does not necessarily imply

that they are natural monopolies. 3 Evaluating the sc&le elasticities with D=O

and 1 indicates that the breakup has had no appreciable effect.

The cost elasticities with respect to the factor pr~ces or the factor

shares, at the sample means, are all positive and of plausible magnitudes. The

factor share for labor ~s 0.3170, for capital is 0.5196, and for other inputs is

0.1634. Overall, these estimates indicate that technological improvements have

led to substitution of capital and other inputs for labor, and that the

divestiture has somewhat accelerated this process.

Cost savings due to technological changes can be measured by the percentage

electronic access variable. Its small first-order as well as square term are

negat:l.ve and highly significant, indicating that as a higher percentage of access

lines are converted to electronic switches, cost savings will grow slightly. The

results are plausible since electronic access can reduce costs in many ways.

Average loop length (AL) has significant positive first-order and square

terms, indicating that costs rise rapidly as AL increases. I f demand is not

densely packed so that more miles of cables are needed per telephone, then costs

should rise accordingly. Central offices (COs) seem to only have an indirect

effect on costs, since their significance is derived from the interaction terms.

For instance, more COs will result in a decrease in the cost elasticity for AL.

The significance of the Bell indicator variable and the positive firRt-
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order parameter suggest that their costs are not only different but higher. This

difference has decreased with time. From the other interaction terms, BOCs tend

to use less capital and labor as compared to non-Bell firms. Increasing local

calls, COs, and average loop length are all more costly for the BOCs.

With a time trend variable, we can measure normal productivity changes

which would have occurred in the absence of divesti ture. The first-order

coefficient is negative and highly significant. It suggests that failure to

include T in our model may have resulted in a biased estimate of the effect of

the divestiture. The positive square time term is significant, indicating that

normal productivity growth occurs at a decreasing rate over time.

Finally, we briefly present regularity conditions for the estimated

translog equation. Homogene~ty is imposed and continuity is automatically

satisfied. Our calculations show that only 7 of 546 observations violate

monotonicity, while 90.0\ of the data points are concave in w, and regular.

These results are reassuring considering past problems with regularity.

IV. The Effect -f the Dives~'ture on LEC Productivity

We now turn to the focus of this paper, the effect of the AT&T divestiture

and subsequent competition on the productivity of local exchange carriers. The

first-order parameter estimate of the divestiture variable (D) is -0.0539, which

suggests that costs have decreased. It is significant at the 5\ level. Also

accounting for the second-order terms, the quasi-likelihood ratio test indicates

that D is in fact quite significant, well beyond the 0.05\ level.

In applying equation (1) to calculate the effect of the breakup on

productivity, the variables are held at yearly mean values, so that they can be

interpreted as those of the representative firm in any given year. By simulating

the results over 1984-87, we can observe dif~erential dynamic effects.
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simulations for the translog are presented in Table 2. Components of equation

(1) before taking the exponential are included to indicate the primary sources

of the change. Since BOCs differ from non-Bell LECs, the percentage change in

costs has been calculated for each of their representative firms. Finally, these

computations were performed on individual observations in the sample. The

averages for non-Bell LECs, BOCs, and the sample in each year and the standard

errors are also given in this table.

The results indicate that LECs and the Baby Bells have been quick to

realize productivity gains. Within the first year of the breakup, the

representative firm has reduced costs by over 2.5% more than otherwise. It

suggests that the local telephone companies have not had to make any drastic

initial changes in their operations, which would have probably increased costs

in the short run . In the following years, these advances in productivi ty

continue to grow by approximately 0.5% per year. In 1987, costs are over 4\

lower. 4 Over time, LECs are better able to rein in costs, as they reduce their

reliance on less-skilled labor, modernize their plants, and develop other cost

cutting techniques.

On a percentage basis, these cost savings could hardly be described as

large. However, given the capital-intensive nature of telephone technology and

the resultant absolutely high costs, the savings amount to substantial figures.

For example, in 1987, the representative firm in our sample has a total cost of

over $1.6 billion. A cost savings of even 4.138\ implies a productivity gain of

about $72 million. If aggregated across the large LECs in just our sample, it

represents savings of nearly $3 billion.

The cost savings for the representative Bell and non-Bell firms show a

similar pattern. Of particular interest is that BOCs have achieved larger

productivity gains in each year. This is to be expected since the breakup did
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affect them most directly. Given that they faced more changes, they probably

have more areas for cost-cutting. Nevertheless, non-Bell carriers have reacted

to the divestiture too. Their productivity gains are more likely the result of

the host of changes that followed the breakup, rather than the breakup itself.

Simulations for each of the firms, averaged by year and categories, produce

similar though generally higher savings. They indicate that analysis of the

representative firms does convey the typical effect of divestiture on firms in

our sample. If these slightly larger gains are expressed in dollars, they imply

a savings of about $77 million for the representative firm in the sample. The

standard errors are about 0.25\, suggesting that the productivity changes are

statistically different from zero. S

From the component terms in Table 2, the specific sources of these cost

savings can be identified. The first-order divestiture coefficient and its

interaction term with time are of the largest negative magni tude. The only other

terms of the same order of magnitude are access lines and local calls, which lead

to higher costs. All other components are small, and on balance, can slightly

contribute to productivity gains or 10sses depending~n the year. Individually,

most are reasonably significant, especially the PL, TL, LO, and CO terms.

By differentiating the percentage change in cost with respect to the log

of a variable, we can decompose the direct effect of divestiture into ics various

components. These calculations have been simulated for the representative firm

and are presented in Table 3. Increasing all these variables by 1\ and time by

1 year would tend to increase the productivity gains arising from the breakup by

about 3\. Higher other input prices, more local calls, and more central offices

are the more important factors which tend to reduce the cost gains. On the other

hand, larger labor prices, more access lines, and longer average loop lengths all

produce more cost savings. Of these variables, the effects of PL and TL are
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especially large. They suggest that, holding all else constant, having higher

skilled labor and more access lines or greater market penetration would lead to

lower post-divestiture costs.

V. Conclusion

U.S. regulation of telecommunications essentially is the story of AT&T.

When it divested itself of the BOCs in 1984, it was a monumental turning point

for U.S. regulatory policy as competitive long-distance service was severed from

the perceived natural monopoly of local telephone service. Although issues such

as subadditivity and economies of scope were never clearly resolved,6 most

economists considered the breakup a pro-competitive change. The benefits were

primarily foreseen in the long-distance market. However, emerging evidence

suggests that the local exchange carriers have also been responding to changes

brought on by the divestiture. Our simulation results show that LECs have indeed

realized sizable cost savings. As noncommunications businesses contribute more

to revenues and LECs become full-fledged competitors in these and other new

markets, these costly gains to breaking up AT&T are likely to only grow.
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Endnotes

1. To test the functional specification, we estimate a hybrid translog, which

transforms all independent variables except factor prices by the Box-Cox

metric. Although others have estimated Box-Tidwell functions, Shin and

Ying (199~a) have shown that correctly imposing homogeneity restricts the

function to the extent that it is no longer a second-order approximation.

2. In the hybrid translog, the Box-Cox metric is -0.0292 with an asymptctic

p-value of 0.0198, or little is gained by using a hybrid translog. Of 76

parameters, only 1 of 8 sign changes is significantly different from 0 and

the vast majority are of similar magnitude.

3. For an analysis of this issue, see Shin and Ying (1992b).

4. Note that these gains from the breakup are above and beyond normal

productivity growth, which some past studies using aggregate indexes have

found to be about 6\ (see, for instance, Houthakker (1979)).

5 . Simulations for the hybrid translog are comparable to those for the

translog, with slightly larger magnitudes.

6. For some recent evidence suggesting that AT&T was not a natural monopoly,

see Shin and Ying (1992b).
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Table 1. Translog First-Order and Divestiture Second-Order Parameter Estimates

Parameter Estimate Std Error Parameter Estimate Std Error

PL 0.38939 0.00734 PL :J -0.03041 0.00712

PK 0.47837 0.00630 Pi': :J 0.00949 0.00617

TL 0.73024 0.04025 TL :J -0.10101 0.02777

LO 0.09602 0.02581 LO'D 0.06917 0.01799

TO 0.12473 0.01631 TO'D 0.01053 0.01083

CO -0.00959 0.01017 CC'D 0.02266 0.00835

EA -0.00849 0.00400 EA'D -0.00034 0.00421

AI. 0.07794 0.02768 AL·D -0.02968 0.01709

B 0.04448 0.01275 B'D 0.01553 0.01039

T -0.01571 0.00302 T'D -0.00156 0.00232

D -0.05389 0.02624
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Table 2. Translog Simulations of the Effect of Divestiture on LEC Productivity

Components in Exponential

Year D PL'D PK'D TL'D LO'D To·r CO'O EA'O AL'D B'D T'O

1984 -.0539 .0077 .0003.0313.0063.0013 -.0028 -.0000 -.0099 .0074 -.0140

1985 -.0539 .0081 -.0010 .0278 .0092 .0022 -.0088 -.0001 -.0096 .0074 -.0155

1986 -.0539 .0081 -.0029 .0255 .0103 .0832 -.0088 -.0002 -.0096 .0074 -.0171

1987 -.0539 .0043 -.0019 .0085 .0213 .0058 -.0058 -.0002 -.0101 .0085 -.0186

Percentage Change in Cost

Year

1984

1985

1986

1987

Representative Firm

non-Bell Bell Sample

-2.313 -2.467 -2.521

-2.727 -3.367 -3.373

-2.984 -3.787 -3.739

-3.520 -4.100 -4.138

Individual Firm Averages

non-Bell SE Bell SE Sample SE

-2.930 0.288 -2.542 0.269 -2.744 0.200

-3.207 0.317 -3.630 0.257 -3.409 0.208

-3.539 0.341 -4.039 0.257 -3.778 0.219

-4.391 0.309 -4.426 0.263 -4.410 0.201

Table 3. Derivatives of the Percentage Change in Cost for the Representative Firm

Year PL PK PO TL LO TO CO EA AL T

1984 -2.961 0.924 2.037 -9.836 6.736 1.025 2.207 -0.033 -2.890 -0.152

1985 -2.938 0.917 2.022 -9.760 6.684 1.017 2.190 -0.032 -2.868 -0.150

1986 -2.927 0.913 2.014 -9.723 6.658 1.014 2.181 -0.032 -2.857 -0.150

1987 -2.915 0.910 2.006 -9.683 6.631 1.009 2.172 -0.032 -2.845 -0.149
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